ABSTRACT
INTRODUCTION
The world's electricity needs are mainly met by fossil fuels. The development of renewable energy sources like solar and wind power has been growing remarkably; the reliance on fossil fuel is expected to continue for many years to come [1] . In Pakistan, more than 67% of electricity is generated by thermal power plants running on oil and gas in both public and private sectors [2] . Therefore, as an analysis tool, like in [4] [5] [6] [7] [8] [9] [10] , results have shown that the boiler incurs largest exergy destruction among other components. Exergy is also being used by many researchers for investigation of other types of the power plant. For instance, Carvalhoa, et. al. [11] have investigated an IC engine primed cogeneration plant, in which it is discussed that the combustion process in the engine cycle origins major exergy destruction.
Gogoi and Talukdar [12] have conducted a parametric study to investigate the effects of boiler pressure and fuel flow rate on the performance of a thermal power plant. According to the results, the fuel flow rate and boiler pressure have significant effects on the power cycle performance. Memon, et. al. [13] have performed thermodynamic analysis of an open cycle gas turbine power plant with MPR (Multiple Polynomial Regression) modeling and optimization.Parametric analysis is conducted to observe the Effects of various operating parameters on cycle performance and CO 2 emission. In another article, Memon, et. al. [14] have performed the thermo-environmental, economic analyses with regression modeling and optimization of the simple and regenerative gas turbine cycles. Manesh, et. al. [15] have executed the exergoeconomic and exergoenvironmentalanalyses of a 315 MW SPP with a total site utility system. Rashid and Maihy [16] performed the energy and exergy analysis of Shobra El-Khima power plant in Cairo, Egypt. According to the results, around 28% of total exergy destruction occurs in the turbine, while the maximum energy loss occurs in the condenser which is around 55% at different load conditions. Sengupata, et. al. [17] have conducted the exergy analysis of a coal based 210MW SPP with design parameters and focused on its exergetic performances under different loads.Srinivas, et. al. [18] have conducted thermodynamic analysis of a steam power plant to observe the effects of multiple number of feedwater heaters on its performance. According to their findings, efficiency improves with increase in the boiler pressure, turbine inlet temperature and furnace temperature with the optimum number of feed-water heaters.
In this paper, a comprehensive thermodynamic and statisticalanalysesare performed on a 210 MW SPP. Firstly, the power plant is modeled and simulated with the help of EES (Engineering Equation Solver), followed by the parametric study,which exhibits the effects of various operating parameters on the plant performance. The performance parameters considered are net power output, energy efficiency, and exergy efficiency, while condenser pressure, main steam pressure, bled steam pressures, main steam temperature and reheat steam temperature are nominated as the operating parameters.Afterward, MPR models are developedto determine a correlation of each performance parameter as a function of the operating parameters. Finally, optimization is performed to find optimal operating parameters corresponding to maximum plant performance.
THERMODYNAMIC MODELING AND ASSUMPTIONS
The schematic view of SPP under investigation is shown 
Boiler
The energy balance as applied to boiler yields
Moreover, the energy generated by the fuel is given as:
where LHV (Lower Heating Value) of the fuel, i.e. natural gas (modeled as pure methane) taken as 40.1 MJ/kg [4] .
Then the boiler efficiency is defined as:
When an exergy balance is applied to the boiler, irreversibilities occur in the boiler is given as:
Where F x E & is the rate of exergy supplied to the plant which is given as:
Where eX F is the fuel specific exergy approximated as [4] :
where j and k are constants taken as Equations (1 and 4), respectively for methane.
Steam Turbines
The overall power output from the turbines is given as:
where power outputs from each turbine can be determined by using the energy balance as given below: 
Condenser
An energy balance as applied to the condenser gives:
An exergy balance for condenser leads to:
Pumps
The condensate pump and the feedwater pump consume power given respectively as:
( )
The amount of irreversibilities encountered in the pumps is given as:
Heaters and Deaerator
An energy balance applied to combined HPHs and LPHs yields respectively as: 
Similarly, for the deaerator, energy balance yields:
For obtaining the irreversibilities in these components, exergy balances applied to these components as follows:
Moreover, relation for irreversibilities in the deaerator is given as:
Overall Plant
The net power output is determined from:
The energy efficiency is given as:
The exergy efficiency is given as:
The application of these model equations is subject to the following assumptions:
(i) Steady-state operation of all system components.
(ii) Change in the kinetic energy (and exergy) and potential energy (and exergy) of the fluid streams are neglected.
(iii) Fuel is natural gas modeled as methane (CH 4 ) only.
(iv) The dead-state condition is at 101.325 kPa and 298 K.
(v) Cooling water temperature difference is 10 K.
(vi) The pressure drop in FWHs and boiler heat exchangers is 0.5-1.0%
MULTIPLE POLYNOMIAL REGRESSION AND OPTIMIZATION
The MPR models are developed to describe the relationship between each of the response variable 
where y is the simulated value, ŷ is the value from the approximation, y is mean of the simulated values. The net power output, energy efficiency and exergy efficiency are considered as response variables, while the condenser pressure, main steam pressure, bled steam pressures P 21 , P 24 and P 28 are the predictor variables. The regression models are valid to estimate the response variable from the predictor variables in the range given in Table 1 . In this study, optimization is performed by considering each response variable as objective functions, which are to be maximized by varying the multiple predictor variables. Such a multi-dimensional optimization is processed by using direct-search method. A direct-search algorithm works on finding a set of points around the "current" point, looking for one where the value of the objective function is lower than the value at the current point. In this way an optimal value of the objective function is arrived depending on the number of maximum function calls and relative convergence tolerance fixed in the software. with the designed values assigned to same locations in the plant data script named "thermodynamic performance" [19] . The access to the designed data was provided by the power plant authorities, which were acquainted during the commissioning of the power plant.
The 
RESULTS AND DISCUSSION
As a base case, the net power output, energy efficiency and exergy efficiency of the plant have been calculated [4] and Srinivas, et. al. [18] . This information can be used to increase the performance of the plant components by trying to minimize the energy losses and irreversibilities in a prioritized manner.
Results of Parametric Study
The parametric study has been conductedto evaluate the effects of various operating parameters on the
FIG. 2. COMPARISON BETWEEN DESIGNED AND MODELED ENTHALPY VALUES OF BLED STEAM EXTRACTIONS
performance parameters. The range of variation in these operating parameters for conducting the parametric study is given in Table 2 . Here, the net power output, energy efficiency, and exergy efficiency are taken as the performance parameters. The condenser pressure (P 1 ), main steam pressure (P 20 ), bled steam pressures (P 21 , P 24 , P 28 ), main steam temperature (T 20 ) and reheat steam temperature (T 27 ) are nominated as the operating parameters. 
Effect of Condenser Pressure on Performance

Effect of Main Steam Pressure on Performance
Effect of Bled Steam Pressures on Performance
The regeneration process is performed using bled steam It is evident from the above discussion the rise in bled steam pressures is not justifiable with the given number of feedwater heaters. The impact of bled steam pressures may be analyzed in connection with an additional parameter, the optimum number of feedwater heaters, for furthering the current analysis. Not much information is reported in the literature to investigate the impact of bled steam pressures on performance of steam power cycles. In work by Srinivas, et. al. [18] , however, the impact of bled steam temperature ratio (which varies corresponding to pressure) on performance is investigated for a single feedwater heater. As a comparison, there is a profound consensus in the results for efficiencies. Due to increase in the main steam temperature, the enthalpy of steam at the inlet of HPT increases, this
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Effect of Main Steam Temperature on Performance
FIG. 7. EFFECT OF BLED STEAM PRESSURE (P24) ON PERFORMANCE
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causes an increase in the net power output.
Consequently, to generate high-temperature steam, the rate of heat transfer required in the boiler also increases, but as the incremental rise in net power output is more significant, efficiencies tend to rise. The figure displays a steadyincrease in the performance parameters onincreasing in the main steam temperature. However, such an enhancement in the performance always accompanied by a proportional rise in the capital cost, which stems due to improvement needed in the turbine blade and boiler tube design/material. The incremental revenues generated by the improved power output with higher efficiencies may be favorable only if the economic parameters also indicate so. Fig. 10 exhibits the effect of reheat steam temperature on the performance. Fig. 10 shows uniform increase in the performance with an increase in the reheat steam temperature. Again, a great consensus is developed with the results obtained by Yang, et. al. [3] . In requiring a reheated steam at a higher temperature, more heat is needed in the boiler, but that also causes a proportional increase in the power output from IPT; however, the latter is more significant. Additionally, the feedwater temperature increases due to the availability of bled steam at higher temperatures for regeneration. 
Effect of Reheat Steam Temperature on Performance
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Results of MPR Modeling and Optimization
The MPR models with corresponding R 2 values and optimal operating conditions are given in Table 2 . Table 2 that the MPR models are appended with a reasonable coefficient of determination, which indicates that the predictor variables are a good estimator of the response variable. Such models can be used to estimate the performance parameters readily with the given (onsite) operating parameters of the SPP under consideration.
Moreover, the optimum net power output of 227.6 MW is achieved with given optimal operating parameters.
Different optimal values of these operating parameters are obtained for the optimum efficiencies. The power plant operation under these optimal operating parameters may lead to a higher power output and efficiencies with lower environmental effect. The optimal energy efficiency is higher than the optimal exergy efficiency under similar optimal operating parameters. This is because fuel exergy is higher than the fuel energy.
It is also evident that the optimal pressure values are rather higher for obtaining maximum power as compare to maximum efficiencies.
CONCLUSION
In this study, a comprehensive exergetic and regression modeling of a regenerative, reheat SPP was conducted.
The plant performance such as net power output, 
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